Abstract TUS (Tracking Ultraviolet Set-up), the first orbital telescope of ultra-high energy cosmic rays (UHECRs), has demonstrated that instruments of this kind have much broader capabilities and can also detect meteors, transient luminous events, anthropogenic glow and other processes taking place in the Earth atmosphere in the UV frequency range. In this short letter, we address the question if an orbital UHECR detector can also register gamma-ray bursts (GRBs) via the fluorescent glow of irradiated nocturnal atmosphere. An analysis of the Fermi GBM catalog of GRBs and properties of several active and perspective instruments reveals that a detector with an optical system similar to that of the KLYPVE-EUSO (K-EUSO) mission and an appropriate "slow-mode" trigger can possibly detect only 1-2 GRBs in two years of operation.
Introduction
Gamma-ray bursts (GRBs) are one of the most violent astrophysical phenomena: with apparent luminosities that can exceed 10 52 erg s −1 , they are observed up to high redshifts z = 8-9. GRBs comprise two distinct classes of different origin: "long" and "short" ones depending on whether their durations are greater than or less than two seconds [1, 2, 3] . Long GRBs are thought to be produced during a core collapse of massive stars, so-called SNII-type supernovae, and have a typical duration larger than several seconds, while the most popular model of short GRBs involves a merger of two neutron stars, see, e.g., [4] for a comprehensive review.
GRBs can only be observed from space because their γ-ray spectrum peaks at several hundred keVs, and the Earth atmosphere is absolutely opaque for these photons. The attenuation length corresponds to a grammage X 0 ∼ 10 g cm −2 , which means most of the energy will be absorbed at altitudes larger than 30 km. Ionization caused by γ-rays will produce a considerable fluorescent emission of nitrogen atoms, not dissimilar to fluorescence observed in extended air showers (EAS) initiated by ultra-high energy cosmic rays (UHECRs) with energies above ∼ 1 EeV. Thus, orbital detectors aimed at registering UHECRs theoretically can register GRB-induced effects as well, as was already studied in [5] . An observed pattern of GRBs will strongly differ from that of an EAS: instead of a confined and linear image of a shower, the effect will manifest itself in a coherent increase of the ultra-violet (UV) background illumination over the whole field of view of an instrument since the whole atmosphere will glow brighter for some time. The respective timescale will also be much larger: from a fraction of second to a few seconds for GRBs instead of a few dozen microseconds in case of an EAS.
In this paper, we employ the Fermi GBM catalog of GRBs [6, 7, 8 ] to study if an orbital detector of UHECRs can register a GRB thus complementing obserb of dedicated instruments. We focus on the first orbital detector of UHECRs TUS (Tracking Ultraviolet Set-up) [9] , the KLYPVE-EUSO (K-EUSO) telescope, which is being actively developed [10] , and the Mini-EUSO instrument, which is mostly aimed at studying the UV background of the night atmosphere of the Earth [11] . The results can be easily extended for other detectors.
Orbital detectors of UHECRs
The TUS detector, was launched into orbit on April 28, 2016, as a part of the scientific payload of the Lomonosov satellite. The satellite has a sunsynchronous orbit with an inclination of 97
• .3, a period of approximately 94 min, and a height of about 500 km. The telescope consists of two main components: a parabolic mirror-concentrator of the Fresnel type and a square-shaped 256-channel photodetector aligned to the focal plane of the mirror [12, 9] . The mirror has an area of about 2 m 2 and a 1.5 m focal distance. The detector has a rectangular field of view of 9
• × 9
• , which covers an area of approximately 80 km×80 km at sea level. The angular resolution of a single channel equals 10 mrad, which results in a 5 km×5 km area at sea level.
The TUS electronics can operate in four modes intended for detecting various fast optical phenomena in the atmosphere on different timescales. The main mode is aimed at registering UHECRs and has a time sampling rate of 0.8 µs. Time sampling windows of 25.6 µs and 0.4 ms are utilized for studying transient luminous events (TLEs) of different kinds, and a 6.6 ms time bin is available for detecting micro-meteors and possibly space debris. Each complete data record written in any mode of operation consists of 256 time bins of the respective duration.
The K-EUSO telescope, which is aimed to be installed on board the International Space Station (ISS) in 2022 for a 2-year mission, is a much more advanced instrument [13, 14, 10, 15] . In its latest version, it is expected to have a Schmidt-type optical system with the main mirror-reflector of a 4 m diameter, an entrance pupil of a 2.5 m diameter and a 1.75 m focal length. The telescope will have a circular field of view with a diameter equal to 40
• , resulting in an instantaneous geometrical area of nearly 6.7 × 10 4 km 2 at sea level for the ISS altitude of around 400 km.
The focal surface of K-EUSO will have a design similar to that of the JEM-EUSO telescope [16, 17] . It will consist of nearly 120 thousand multi-anode photomultiplier tubes (MAPMTs) grouped into 52 photodetector modules (PDMs). A strong point of the data acquisition system of K-EUSO is its flexibility. Similar to JEM-EUSO, the instrument will operate with a sampling time of 2.5 µs in the main mode of operation, aimed at registering UHECRs. In case of a trigger, the data will be acquired for at least 320 µs, i.e., 128 time bins. Longer sampling rates can be employed to register slower phenomena such as TLEs, meteors or nuclearites (strange quark matter).
For example, a sampling time of 2.56 ms (= 1024 × 2.5 µs) with the total record duration of 2.6 s can be used for registering meteors [18] .
Strictly speaking, Mini-EUSO is not an UHECR detector but a small UV telescope that will look down on Earth through a nadir-facing, UVtransparent window from inside the Russian Zvezda module of the ISS [11] . The main scientific goal of Mini-EUSO is to produce a high-resolution map of UV emissions from Earth. It can also register TLEs, meteors, space debris, nuclearites, bioluminescence, thus obtaining detailed information about the UV background level, necessary for the successful development of K-EUSO and other experiments of the EUSO program [19] . Still, it is interesting to look closer at its technical capabilities since it is one of the pathfinders of the future UHECR missions.
Mini-EUSO is based on a single PDM, which consists of 36 MAPMTs, each with 64 pixels. An optical system of two double-sided Fresnel lenses with a diameter of 25 cm is employed to focus light on the PDM in order to achieve a circular field of view of 44
• , which results in ≈ 8.2 × 10 4 km 2 at sea level. The aperture of the detector equals 490 cm 2 . The PDM detects UV photons and is read out by the data acquisition system with a sampling rate of 2.5 µs and a spacial resolution of 6.11 km. The instrument utilizes a multi-level trigger system [11, 20] .
The first-level trigger of Mini-EUSO is configured to detect UHECRlike events with a time resolution τ = 2.5 µs. An event is triggered if a signal collected in 20 µs exceeds the background level by 8σ. A whole record consists of 128 time steps thus occupying 320 µs. At the second level, the time resolution equals 320 µs. Once again, a record consists of 128 samples, giving 40.96 ms of data. The level of excess of the signal over the background and the number of time samples used to estimated the signal can be altered during the flight. This mode works independently from the first one and is intended for registering transient luminous events and other phenomena with a similar duration. Besides these, a continuous readout with a resolution of 40.96 ms is implemented. This mode dose not have a trigger. It is intended for mapping the Earth UV background and to search for meteors, space debris and strange quark matter during an offline analysis. Duration of one record in this mode equals 5.24 s. A "slow" second-level trigger will be implemented in Mini-EUSO for the very first time in the whole JEM-EUSO family of detectors [20] .
Sensitivity of an UHECR telescope to GRBs
As was already mentioned above, photons coming from a GRB are absorbed at altitudes higher than 30 km. However, only a minor fraction of their energy is radiated in the fluorescence process, while the largest fraction is lost in collisions and internal quenching. It can be estimated that even at these altitudes, where both density and pressure are very low (ρ ∼ 2×10 −4 g cm −3 , p ∼ 1 kPa), the fluorescence efficiency η ≈ 3.5 × 10 −3 [21, 22] . The estimate was obtained using the total efficiency in all bands in the 300-400 nm range and taking into account a low pressure of the environment, see Table 3 and Eq. (8) in [21] . The number of signal photons from a GRB can be written as
where ǫ ∼3-4 eV is the typical energy of a UV-photon in the range of interest (300-400 nm), A is the area of the entrance pupil of an instrument, Ω is the size of its field of view, and F GRB is the fluence of a GRB. The rate of background illumination for a particular orbital instrument can be written as R b = BAΩ, where the background level B is the UV glow of the nocturnal atmosphere. Observations performed with Tatiana and Tatiana-2 satellites demonstrated that it varies in a broad range B = 3×10 7 -10 8 photons cm −2 s −1 sr −1 even during moonless nights, depending on the type of the surface with the lowest levels at medium latitudes above deserts, forests and oceans but also depending on the cloud coverage, and it can be an order of magnitude higher during full-moon periods [23, 24] .
It is now straightforward to estimate the signal-to-noise ratio SNR for a particular GRB and an orbital instrument:
where t GRB is the duration of a GRB. Assuming the lowest possible background illumination B according to the Tatiana data, we arrive at
where A is expressed in units of cm 2 , Ω is in steradians, F GRB is in erg cm −2 , and t GRB is in seconds. We are now ready to estimate capabilities of the detectors discussed above to register a GRB. We employ the Fermi GBM gamma-ray burst catalog [6, 7, 8] exploiting the high level of sensitivity of the GBM and its large field of view (8 sr). We considered the whole sample available on November 4, 2018, and its two subsets: one for short GRBs with the prompt duration T 90 < 2 s, and a complementary set of long GRBs with T 90 > 2 s. The sample contains 2438 events registered in more than 10 years of operation, with 2030 long and 408 short GRBs. We assume t GRB = T 90 in equation (1) . Table 1 presents percentage of short and long GRBs included in the Fermi GBM catalog such that SNR > 3 for the respective detector. Finally one has to estimate corrections coming from the limited acceptance of an UHECR telescope working as a "GRB detector." First, the acceptance is constrained by geometric considerations: the zenith angle θ of a potentially detectable GRB must be small enough, otherwise there will be a considerable suppression: F GRB → F GRB cos θ. Assuming θ ∼ 60
• , we get 1/4 of the celestial sphere. Next, the fraction of time with the lowest background level used above is of the order of 15% of the whole observational time [25] . Taking into account the nighttime comprises at most 40% of the whole time a detector works in space, one arrives at 6% of low-background observations. As a result, only 1.5% of GRBs can be registered (with an appropriate trigger) by an orbital telescope of UHECRs.
Fermi GBM has detected 2438 bursts in 10.3 years of operation with effective coverage of 2/3 of the celestial sphere. That means one can expect K-EUSO to register 1-2 bursts in two years of planned operation providing it has an appropriate "slow" trigger. Chances of other detectors considered above to register a GRB are rather slim, see Table 1 .
